Purpose Considering that the decrease in strength can be observed with ageing and that muscular endurance and strength are essential factors for firefighting effectiveness in critical situations, the purpose of this study was to evaluate the Upper Body Strength and Lower Limb Power of Professional of Italian Firefighters of 229 Italian male firefighters (age 32 ± 8 years, height 177 ± 6 cm, weight 79 ± 9 kg, BMI 24.5 ± 2.4 kg/m 2 ) and to compare the results in relation to the age (\30-year-old group; 31-to 35-year-old group; 36-to 40-year-old group; 41-to 45-year-old group; [45-year-old group). Methods Upper body strength (1RM bench press), lower limb power (counter movement jump-CMJ, and sprint ability-20 m) were analysed. Descriptive statistics and an Analysis of Variance (ANOVA) were applied to anthropometric and physical fitness values to assess significant difference between age groups. When a significant effect was found, Bonferroni's post hoc analysis was used. Results Between age groups, anthropometric values showed an age effect (p \ 0.05) for BMI with 34 % of all firefighters in overweight and high prevalence (52 %) in [45 compared to the other age group categories. Performances values showed differences for 1RM bench press [F (4,223) = 6.17; p \ 0.001], CMJ [F (4,223) Conclusions Considering that the ability to produce strength and power movements are very important qualities to firefighters in each age, individuals and ''job specific'' training programs should be planned with functional work activities to improve neuromuscular function at any age.
Introduction
Firefighters perform strenuous work in dangerous environments and chaotic conditions under time urgency. Recent studies [1, 2] have demonstrated that firefighters spend much of their working shift on standby and, on short notice, they have to respond to high-intensity emergency situations. In fact, during the first 3 min before the arrival of the full alarm assignment, a typical fire will increase in energy output approximately 400-600 % [3] . In addition, during emergencies, firefighters wear personal protective devices and use supplementary weight identified by Gledhill and Jamnik [4] as follow: ladders 25.40-61.23 kg, Hurst portable pump 56.70 kg; advancing hoses produced forces equivalent to weights ranging from 51.71 to 68.04 kg; hoisting hoses produced forces equivalent to weights ranging from 36.24 to 50.35 kg. Various studies [5] [6] [7] [8] [9] have shown that protective clothing and self-contained breathing apparatus have negative effects on gait, metabolic and thermal efficiency, and fatigue.
Examining American firefighters, Karter and Molis [10] have shown that strains, sprains and muscular pain accounted for the largest portion of injuries (51.4 %), whereas Poplin et al. [11] found that 32.9 % of injuries were due to physical exercise, followed by patient transport (16.9 %), training drills (11.1 %) and fire ground operations (10.2 %) . An analysis of the injury incidence by age groups [12] has revealed the lowest and less frequent values among firefighters aged 30-39 and the highest among those aged more than 50 years, whereas during compulsory physical training accidents were less frequent in the 40-49 age groups than others (age 20-29 and 50-59 years).
As can be expected, physical fitness is important to perform the duties and meet the physical demands of firefighting. Therefore, low fitness of firefighters is critical issue because of his correlation with injury risk and with the lower occupational readiness. Various studies [13] [14] [15] [16] [17] have shown a significant correlation between upper body muscular endurance and strength with faster times to complete a fire suspension task, and between high levels of fitness and decreased risk of injury.
Considering that the decrease in explosive strength can be observed among younger, middle-aged and older subjects of both genders [18] [19] [20] [21] and that rapid execution of many physically demanding fire suppression tasks is essential for job effectiveness, the purpose of this study was (1) to evaluate the upper body strength and lower limb power of professional of Italian firefighters and (2) to compare the results in relation to the age.
Methods Experimental approach to the problem
The procedures of the study, designed to investigate the differences of strength in firefighters, were approved by the local Institutional Review Board and they were carefully explained to each subject who provided their written informed consent. Firefighter's evaluations included anthropometric measurements (i.e. weight, height and body mass), strength and power test. Prior to the evaluation, each individual answered the AAHPERD exercise/medical history questionnaire (i.e. educational background, dietary and smoking habits, medication use and history of physical activity).
Weight and height were measured only in light clothes and barefoot using an electronic scale (±0.1 kg) and a fixed stadiometer (±0.1 cm), whereas body mass index (BMI) was used to assess weight relative to height and it was calculated by dividing body mass by the squared height (kg/m 2 ).
Prior to testing, firefighters underwent a 15-minute standardized warm-up period (i.e. jogging, strolling locomotion, stretching of the chest muscles and limb). All the experimental evaluations were performed in similar conditions (temperature 22-24°C; humidity 50-60 %) in the morning (from 9.00 to 11.00 a.m.).
Participants
Two-hundred and twenty-nine male Italian firefighters at least 3 years of previous firefighting experience were engaged to participate in this study. The subject had the following general baseline characteristics (mean ± SD): age: 32 ± 8 years (range 22-50), height 177 ± 6 cm, weight 79 ± 9 kg, BMI 24.5 ± 2.4 kg/m 2 . Previously, Perroni et al. [22] divided firefighters into 5-year age interval groups from \25 to 41-42 years, and found similarity between the\25 and 25-30 years groups. Therefore, in this study, we have divided all subjects in 5-year age interval groups from the under 30-year-old (B30) group to the over 45-year-old ([45) group.
Italian Firefighters work in long shifts including weekends and holidays. In particular, these shifts are 12 h on followed by 24 h off, and 12 h on followed by 48 h off. This schedule requires firefighters to remain in a fire station for a 12-h period and respond to fire calls at any time during this period. During shift work, firefighters have to train their theoretical and practical firefighting skills (i.e. emergency medical procedures, check fire apparatus, simulated firefighters intervention, etc.). Since they have to respond to emergencies on short time, they have difficulty following regular physical training and eating during shift work. For these reasons, the Italian Firefighters Corp. suggests a home physical training (2 h/day, 3 days/week).
Upper body strength evaluations
Bench press test was performed on a standard bench press station using a York Olympic standard barbell and free weights to evaluate 1 repetition maximum (1RM). Firefighters were free to choose the weight, allowing to perform a maximum of ten lifts at a 30 beat/min cadence dictated by a metronome. The subject's 1RM was estimated using the formula of Wathan [23] :
where m 1RM is the 1RM-mass and m n is the maximum mass that can be lifted n times (ICCs = from 0.96 to 0.99).
Lower limb power evaluations
The counter movement jump (CMJ) performances were evaluated using an optical acquisition system (Optojump, Microgate, Udine, Italy), and developed to measure all flying and ground contact times. The Optojump system consists of two bars (i.e. transmitting and receiving bars) that are equipped with 33 optical light-emitting diodes (LEDs) placed at 6 mm from the ground, and they are triggered by the feet of the subject at the instant of takingoff and at the contact upon landing. The calculations of the height of the jump are made by software dedicate [24] . From the standing position, the firefighters were instructed to bend their knees to a 90°angle, to perform a maximal vertical jump with hands on their hips, to keep their body vertical throughout the jump, and to land with knees fully extended. Any jump that was deviated from the required instructions was repeated. Glatthorn et al. [25] have shown very high validity (ICCs = 0.997-0.998) and excellent test-retest reliability (ICCs = from 0.982 to 0.989) of the Optojump system. The 20 m sprint (20 m) performances were evaluated by a dual infrared reflex photoelectric cells system (Polifemo, Microgate, Udine, Italy) positioned 20 m apart with the first timing gate at 0.5 m from the starting. For each test, firefighters were allowed three trials (5-minute of recovery period between trials) and their best performance was used for statistical analysis. Gabbett et al. [26] reported high test-retest stability coefficients (ICCs = 0.96) of 20 m performances.
Statistical analyses
All results were expressed as means and standard deviations (mean ± SD) and a 0.05 level of significance (p B 0.05) was selected throughout the study. An Analysis of Variance (ANOVA) was applied to anthropometric values and to jump (cm), bench press (kg), 20 m Sprint (s) performances to assess differences among age groups (B30 years; 31-35 years; 36-40 years; 41-45 years; [45 years). When a significant effect was found, Bonferroni's post hoc analysis was used. To provide meaningful analysis for comparisons between groups, Cohen's effect sizes (ES) [27] .
Results
Descriptive data are presented in Table 1 .
No statistical differences emerged between age group in height and weight values, while BMI showed significant differences [F (4, 224) 
Performances values showed differences in 1RM bench press (Fig. 1) , CMJ (Fig. 2) , and 20 m sprint (Fig. 3) with results systematically worse for the [45 age group. In particular, results of the test showed a decrease of 12 % for Bench press, 13 % for CMJ and 5 % for 20 m sprint between \30 and [45-year-old group.
Discussion
The aims of this study were to evaluate the Upper Body Strength and Lower Limb Power of Professional of Italian Firefighters and to compare the results in relation to the age. The main finding of this study was the decreased values for upper body strength, lower limb power and sprint in relation to the age.
According to Perroni et al. [22] in this study, the values of 1 M decline with the increase of age. Analysing all subjects, our results of the upper body strength showed strength values higher than those reported for novice fire fighters recruits [6] but lower than Henderson et al. [29] . Considering age group, we have found lower values than those reported by Perroni et al. [22] for B30-year-old group and higher for the other age group. Considering that previous study [30] showed a significant correlation between the bench press performances and specific firefighting performances, we agree with The American Society of Exercise Physiologists that recommended both isometric and isotonic 1-RM strength tests [31, 32] to evaluate the fitness level. The stretch-shortening cycle is utilized in the job performance and any fatigue-induced impairment in his function could then have implications for job performance. In sport field, various studies [33] [34] [35] [36] [37] showed that the CMJ is amongst the most widely performed movement to assess lower limb power and, together with sprinting speed test, appears to be an interrelated predictor of explosive and accelerative capability. In this study, CMJ values have demonstrated higher values to those previously reported by Perroni and colleagues [6] for novice Italian firefighters recruits but similar to Perroni et al. [22] and lower by Perroni and colleagues [6] for volunteer Italian firefighters. In particular, we have found lower values than those reported by [22] for the B30-year group, and higher for the other age group. Contrarily, 20 m sprint of all subjects showed similar values to those previously reported by Perroni and colleagues [6] and by Perroni et al. [22] for Italian firefighters recruits. Considering the age groups, we found similar values for B30-year-old group and better values for the other age groups than those reported by Perroni et al. [22] .
Previous research has shown the relationship between strength and age. It has been shown [18, 21, [38] [39] [40] ageing leads to declines in muscle mass, in maximal strength of the muscles and, in particular, greater worsening in explosive force production. Older adults show a loss in strength with ageing, but estimated maximum velocity of shortening changes little, which leads to some overall reduction of power output [41] .
A number of studies in sport sciences [34, [42] [43] [44] have investigated the relationship between strength and sprint performance, demonstrating that stronger athletes perform better sprint performances. In fact, it is recognized that sprinting requires high levels of acceleration and high levels of strength to overcome the inertia of body mass.
Study of Michaelides et al. [13] demonstrated that upper muscular strength and endurance as well as low body composition were significantly related to better performances on the simulated firefighting tasks. Considering that muscle strength and muscle power are fundamental to the performance of tasks of daily living (i.e. walking, running, climbing up and down stairs, and prevention of falls), successful performance of rapid movements (i.e. jumps, sprints, and quick changes of direction) is essential in firefighter's activity. For these reasons, the influence of power and speed is important in firefighters activity and an evaluation of these physical capabilities should be a preventive measure to oppose the age-related deterioration of work ability not only for older workers.
The results of this study could provide useful information to develop appropriate specific conditioning programs to increase job performance and decrease the percentage of risks due to increased age in Italian firefighters. Various studies [21, 38, 45] have shown a decrease in maximal strength of 30-40 % from the age of 30 to the age of 80.
With the knowledge of the limiting factors of age in strength and power performance of firefighters, the strength and conditioning firefighters instructor and sport scientist can more effectively tailor the training accordingly so that a job performance increase can more likely be achieved in safety.
Previous studies [46, 47] have shown that the muscle contraction time and muscle relaxation time lengthen with age and any changes to these phases of muscle contraction influence the efficiency of the older adult to perform activities. Since muscle strength and the ability of the leg muscles to develop force rapidly are important performance characteristics contributing to several tasks of daily life, or even prevention of falls and trips [40, 48] , this should be taken into consideration when constructing strength training programmes for both middle-aged and older men and women.
In general population, previous studies have shown that the loss of muscle strength in the proximal muscles of the lower extremities seems to be greater than that of the upper extremities, and Frontera et al. [38] suppose that it was presumably due to a decreasing use of lower compared with upper limb muscles in older groups. Contrarily, the results of our study have shown the same strength loss in upper body strength and lower limb power (12 and 13 %, respectively) between \30 and [45-year-old group. We hypothesize that this finding is not the result of traditional sport training but the training effect of the continues and specific ''functional'' job activities that firefighters perform during emergency simulations or of the other activities proper of their working shift (i.e. carry and climb ladders; wear weight protective clothing; drag, lift, and control fire hoses; swing an sledgehammer to gain entry; carry victims to safety).
Whereas the main limitations of this study are that the observations were obtained in only male firefighters and in a cross-sectional study, further longitudinal study is recommended to evaluate and to compare the upper body strength and power of the lower limbs of firefighters in relation to age, sex (male and female), specialization (i.e. general firefighters, drivers, helicopter pilot, diver, etc.) and rank (i.e. simply firefighters, firefighters foreman, firefighters team leader).
Conclusion
Considering that the ability to produce strength and power movements is very important qualities to firefighters in each age, we suggest that training programs should be individual and must systematically manipulate training loads (loading intensity), specificity of exercises, frequency of training sessions per week, intensity, and duration of the training period to be effective and to improve neuromuscular function at any age. In fact, to minimize the effects of ageing on the neuromuscular system, the hypertrophic strength training combined with explosive types of exercises could be recommended as an important part of an overall physical training programme to maintain the functional capacity at as high level as possible for as long as possible. A combined programme of typical heavy-resistance (with high loads and slow movement/action velocities) and explosive strength training could contribute to increase maximal force and to improve the force-velocity curves and to decrease the physiological decline of the physical capabilities related to age.
